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Introduction

“Belize signed the United Nations Framework Coniwenbn Climate Change (UNFCCC)
at the United Nations Conference on Environment@edelopment (UNCED) in Rio de Janeiro,
Brazil in 1992 together with the leaders of theeothations. This was done to show that Belize
recognized that the challenges of climate changee vea international matter that required
concerted action. Belize ratified the Conventioi994.

As a signatory, Belize recognizes its common bifferéntiated responsibility to

contribute to the international effort to meet théimate objective of the Convention:
“stabilization of greenhouse gas concentrationshm dtmosphere at a level that would prevent
dangerous anthropogenic interference with the clarsystem...within a timeframe sufficient to
allow eco-systems to adapt naturally to climaterd® to ensure that food production is not
threatened and to enable economic developmentowepd in a sustainable mani@NFCCC).
As a non-Annex | Party, however, Belize must haaectss to the resources to achieve
sustainable social and economic developth¢dNFCCC) since as a developing country the
overwhelming obligation of the nation is povertyleglation and sustainable economic
development. Therefore, Belize is not obligednatlits emissions of greenhouse gases.

It is essential that climate change issues be jporated in the development process of the
country. Belize would like to use its natural resses to assist the world in meeting the
challenges presented by climate change as longueals activities meet the development
objectives of the nation.”

This report looks at two projects that the Governhw# Belize, in cooperation with Cuba,
carried out over the last few years, and how tlpeserty alleviation projects also assisted with
the mitigation of greenhouse gasses.




Solar Power Project in San Benito Poite

HISTORY

San Benito Poite village is forty five (45) yeatd.olhe original name of the community
was Juventud. The second generation which consistesix families settled just before the
Machaca River and the community. These people latdre year moved to higher grounds due
to flooding. The original site is now use for faemt. The original founders of the community
are Mr. Pedro Makin, originally from Guatemala; Midbino Makin, Mr. Santiago Cal deceased
and Mr. Manuel Ack.

The community was founded in 1963. The name wasgh from Juventud to San Benito
Poite in honor of the saint, San Benito. The maimson for the first settlement was because of
fertile land, beautiful forest, availability of ldrfor farming and the abundance of wildlife (flora
and fauna) for hunting purposes and the proxinatthe border line to market local produce.

The first settlers were also amazed by the twersivmainly the Machaca and Poite rivers
both originating from Guatemala. Many years age,rihers were populated with fresh water
fish. In the late sixties (60’s) farmers used berand mules to transport produce. They would
pass through trails from the community to Aguacate Santa Theresa village. There was no
public transportation to the village in those dalsere are two trails from San Benito Poite
Village to Rio Blanco, Guatemala.



GEOGRAPHY

San Benito Poite is an
inland and hilly community,
bordered by the Machaca and
Poite Rivers that originate
from Guatemala. The
community is situated on top
of a hill. The village is
surrounded by mountains and
high bushes. The community
stretches about a mile in
distance along the road.

Households are more
concentrated at the end of the
village and on top of a hill.
The inhabitants of the community settle in a reggon system. The effects from hurricane Iris in
2001 appear to be minimal. Their farm land is boedeéby Santa Theresa to south and Aguacate
to the west. The International boundary line iswt®miles away from the community.

There is a living water spring situated very clésehe community. The villagers fetch
water from it especially during dry season. The Maa River flows at the entrance of the
community while the Poite River flows north of themmunity. Both rivers meet at a distance
away from community and flows into the Moho Rivene of Belize’'s major rivers. The rivers
provide the inhabitants of the community with arseuof food (fish) all year round. We saw
some fish locally known as Machaca that were wedlrd.2 inches in length. This is indicative
of the health of the river and surrounding envirenis, (personal observation, Palacio and Miller,
2008).

SCHOOL ENROLMENT

Table 5.1 Schdairolment

Institution | Total Enrolment Male Female
Primary 178 94 84
Secondary | 9 8 1
Tertiary 0 0 0
Vocational | 0 0 0

The children leaving school are between the afdsunteen (14) to sixteen (16) years.
The majority leaves school and takes up farmindoatteen (14) years of age. Many of the
parents would like to send children to secondahpsk; however, the main constraint is finance.



COMMUNITY ECONOMICS

Most women are engaged in domestic work but theegame arts and craft during their
spare time. The men are self employed in subsistéarming and work on the outskirts of the
village. Most of the products are sold small scale in Guatam

Some villagers are involved in small scale loggirsing chain saws. The lumber is sold
to neighbouring community. Rice is sold at the BelMarketing Development Corporation in
Big Falls Village, Toledo, while beans, corn anttleaare sold in Rio Blanco, Guatemala. This is
their main informal market outlet located 10 milaway from San Benito Poite. It takes
approximately 3-4 hours walking to get there.

The major constraint encountered by the farneethe lack of local market in the district
for local produce. Main commodities such as blaglris and cattle are easily sold in Guatemala,
but the price is very low. The farmers are paidetzales, (Q)(Quetzal is the Guatemalan

monetary currency and is approximately 3.50Q to (K1.Bze). Quetzal money can be spent to
buy basic supplies in the community



Overview of the Project

While this project was funded primarily by an k& donor, it was a joint project of the
governments of Cuba and Belize. Solar photovoftaiwer systems were installed at every home
and community building that existed in the rematiage of San Benito Poite at the time of the
project. No papers were signed and there was ncation of any written or verbal agreements
with regards to the power systems. A complete systensisted of one or more solar panels, a
charge controller, one or more deep cycle batteai&)O0W inverter, a power box with 4 dc
circuit breakers, wiring, and mounting.

From village records of October 2004:

85 homes had 1 panel systems installed

The school had a 3 panel system installed

4 churches each had 1 panel systems installed

The teacher’s house had a 1 panel system installed
The community center had a 3 panel system installed
5 street light systems were installed

oA WNE

Mr. Jose Rash, Mr. Mateo Teul and Mr. Juan Ashivecktraining on solar systems.



Current State of Project

Eleven (11) homes and the community
center have had inverters fail. (See picture
of failed inverter). The community center
has replaced its inverter. Ten (10) of the
homes have switched to using dc lighting
SO as to access the power without an
inverter. Three (3) of the five (5) street
lights were also not functioning. Three (3)
of the home systems have been removed
from the village as residents moved to
another village. We found evidence of no
safety problems, fires, or accidents relating
to the solar power systems. There were no
major accidents or incidents reported
during this consultancy.

The following information was found regarding theject during visits in early 2008.

Individual Homes:

Each individual home has a 100 Watt Solar Pan20fmp Charge Controller, a Deep
Cycle Battery, and a 500 Watt Inverter with intemgections and 4 circuit breakers. These
systems can produce approximately 17.5kWh/montavenage. All homes were provided with
Compact Fluorescent Lights.

Average Power Use: 7.3 kWh/month
Least Power Use: 1.3 kWh/month
Most Power Use: 17.5 kWh/month

We note that energy-saving compact fluorescehtdigvere provided by the project, and
that providing the same amount of light using th@ercommon incandescent bulbs would
require that home power use would instead be:

Average Power Use: 28.5 kWh/month
Least Power Use: 3.8 kWh/month
Most Power Use: 75.5 kWh/month

Peak power use for the village totalled 4 hoursdag, from 5 am to 6 am and from 6 pm
to 9 pm. However, power was used at all hours efdy.



Fifty two percent (52%) of homes were using theuspbwer solely for lighting purposes. Forty-
eight percent (48%) of the homes also used the ptow@ther devices, such as radios, fans,
television, DVD, iron, hair clippers, and stereos.

Eleven homes have had their inverters fail. Mdshese failures seem to be caused by
lightning / electrical storms. The villagers indied that they had been instructed to never turn off
the circuit breakers, nor disconnect the invertéet.either of these actions might have saved a
majority of the inverters from failing. The majgriof homes without inverters have switched to
using DC lighting as these run without an inveeed still provide the needed light. Worthy of
note (due to his experience and knowledge of sylstems) Mr. Mark Miller was able to educate
the villagers. He shared with them that it is gtmturn off their circuit breakers and disconnect
the inverters during bad weather and storms.

Three families have moved from the village, anketatheir solar electric systems with
them. There was no documentation during the prajegtementation with regards to ownership
of the systems, and it was a matter of debate arttengillagers as to whether they were for the
individual families or for the community.

One family had moved into the village, and two ileee have been formed in the village
since the inception of this project. These famiiesnot have solar electric systems, and would
have appreciated one.

While 96% of the people indicated that they flelt solar electric systems were too small

and should be expanded, only 20% of the homes wtéizng their solar power to its full
potential.

Public Buildings and Spaces:

Churches:

The four churches that existed at the time ofitif@ementation of the project each
received the same systems that were installeceimttividual homes. These systems tend to get
less use as the churches were generally used £s3dah week instead of everyday like the
family homes. Similarly to the homes, there wapld between lights only use and lights plus
other equipment (PA / keyboards / etc.) Averagegravge for churches was 6 kWh per month.

Community Center:

The community center had a solar electric powstesy made up of three 100 watt panels,
a 20 A charge controller, two Deep Cycle Batteraas] a 500 Watt Inverter with
interconnections and 4 circuit breakers. This systan produce approximately 52.5kWh/month.
The use of the system was sporadic, as it wasfosedmmunity meetings and events. The
inverter at the community center had failed, anghower was being used at this building for
months. Between the time of our initial and finality the inverter was replaced by the village
council.



School:

The primary school had a solar electric poweresyistnade up of three 100 watt panels, a
20 A charge controller, two Deep Cycle Batterigg] a 500 Watt Inverter with interconnections
and 4 circuit breakers. This system can producecappately 52.5kWh/month on average. The
school regularly used all power available for rungnlights, computers, and other equipment in
the school. The inverter was inadequate for theisieéthe school. A larger overall system was
warranted.

Street Lights:
Five individual solar powered street lights wearstalled around the village. Each of these
produced approximately 17.5kWh/month and lit autcadly as night fell. Three of the five

were not currently working, perhaps due to faiigtitt bulbs. The villagers seem unclear as to
whose responsibility it was to deal with this.

Total Electrical Power Use from Solar Project Instdlation in Village:

780 kWh/month using energy saving CFL lights thatevprovided

2,600 kWh/month if incandescent lights had beeml use



Methodology

To get the data contained in this document theudtargs employed a multiplicity of
approaches. They are summarized as follows:

NoOkwNE

Focused discussions

Training of students to conduct interviews
Interviews

Visits

Observations

Development and questionnaires/ instrument survey
Literature review

Focussed Discussions:

Both consultants met on several occasions duhegcourse of this consultancy. This

includes visits to Belmopan to meet with governmafitials associated at various levels to the

San Benito Poite Solar Project. We met with thiofeing persons:

Mr. Earl Green and Carlos Fuller at CCCCC
Mrs. Lilia Zaiden at Ministry of National Developmie
Mr. Artemio Osorio at Ministry of Finance

Hon. Marcial Mes at his Belmopan Office

The primary goal of this specific visit was to githe authors an insight into the

background of the solar electrification projecGan Benito Poite.

Training of UB Students:

Subsequently, the consultants drafted a frameworkthe development of a survey

instrument and its implementation. As per the lidmsission, three University of Belize (Toledo

Campus) students were identified and brought orrdoo@his was a concrete strategy (In

accordance with the philosophy of the authors)rioa@ce skills among students from the area.

An initial visit was made to the village to tesethuestionnaire, after which the authors modified

the instrument. Students then went along with thiteas to gather data. The authors and students

would then meet at strategic locations in the g#@lato discuss the challenges that they

encountered. This system worked very well.
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Visits/Interviews/Observation:

The authors ensured that mental, written, andaligiotes were made and used these to
develop this study. On the visits, the authors mtsuhat persons knowledgeable about the
project were identified and interviewed.

It was very important to get some one-on-one withvillage leaders as well as the most
sought after individual, Mr. Jose Rash, who wastified as the most knowledgeable person of

the operation of the solar system.

All major players including the Alcalde (TraditianMayan Ruler, primarily responsible
for maintaining law and order), the chairman and tlouncillors met in a village meeting to
discuss the solar project and to inform the villagef the need to cooperate to get the required

information. Selected pictures taken are in thisutoent.
The authors physically checked the power ratings @determined the average hours of
usage of each electrical device. This informaii@as necessary to establish the kilowatt hours

used.

Development and use of questionnaires / instrumesurvey:

To decrease the margin of error it was decidaddease the sample size to 50% instead
of 25% which is still a high sample size. While WBidents gathered information from the
villagers, the consultants walked around to lookhat systems, and get ideas of the villager's
experiences and sentiments regarding the solartriétation project. The villagers were

agreeable and eager to share.

Using all of the strategies listed and describeova made this study not only in depth,
but also an important building block in cross-tnaghand learning and enhancement of human/
cultural relations. We the authors of this documiearnt a lot from the villagers and the

villagers also profited from our collective skiled experiences.
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RESULTS ANALYSIS

History of Energy usage before the Solar Project:

Findings show that the village of San Benito Peites traditionally using firewood for

cooking (97%) and a kerosene lantern where negefsalight. Before the solar electrification

project in 2004 there was only 1 respondent whodwass to a gas generator. About 63% used

kerosene lamps, while 50% used candles; only amoralent had their own solar system.

Current appliance usage patterns with the Solar Prigct:

Since the solar electrification project, an enlitany of equipment and appliances were

added and were being used in the village. These a®follows:

APPLIANCE % Of Use By Respondents
Fans 10
Lights 86.6
Radios 46.6
TV 20
DVD 13.3
Iron 3.3
Telephone 6.6
Christmas lights 16.6
Trimming machine 3.3

12



Use of Appliances by Villagers of San Benito Poite 2008
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Villagers used the system primarily for lights:

The table above indicates that most people usesohter system primarily for lights
(86.6%) followed by the radio (46.6%) other sigraint use included entertainment, Christmas
lighting (16.6%), TV (20%), and DVDs (13.3%).

Communication Equipment such as
Telephone considered important

Even though appearing at only 6.6% the use
of and access to communication equipment
especially the telephone must not be
overlooked in one of the most remote villages
in the district. All these were impossible
before the solar electrification project, but

was identified as very necessary.

13



The Villagers believed that the Area Representative pked the most crucial role:

The community shared that the Area Representatag the one who enlightened them
about the project (56.6%), followed by village Atba (33.3%). However, some indicated that
the village Alcalde was most instrumental in gejtthis project (46.6%) followed by the Area
Representative (26.6%).

Most did not know of the ltalian Donor:

Half (50%) of the sample indicated that they did know who funded this project versus
36.6% who claimed they knew. This is important infation for any type of follow up.
Communities will need to be more informed and invetl from day oneMost of the
respondents (53%) stated that the Cubans wereadlreentity involved in this project, followed
by the GOB (23.3%). Only 6.6% mentioned the rokeypt by the Italian donor.

The authors have concluded that this was duedwisibility of the Cuban Technicians
and the role played by the Area Representative sbore reason not much was even mentioned

about the donor. Note that only 6.6% mentionedlangtof the donor.

Training was considered insufficient:

Seventy six percent agreed that some level ohitrgiwas delivered by the Cuban
Technicians. However, a smaller percentage (16i68b¢ved that training was lacking or non
existent. Short of documentation the authors chprmve or disprove this matter, but will offer
recommendations and that speaks to general edndatithe recipients as well as the need for

documentation and signed agreements.

14



Participants knew who to contact to fix their problems:

Most respondents indicated that the person thegt Would contact if something were to

malfunction with their system was Mr. Jose RashG®&§ while 16.6% stated Mr. Mateo Teul

Participants were delighted by better lighting, chidren’s education, etc:

Overwhelmingly it was better lighting (86.6%) thappealed most to the villagers,
followed by children’s education (76.6%). Respondesxpressed that as a result of the lights
they also felt safer (23.3%). “If someone were b gick it was easier to take care of them”. This
was what 23.3% of the respondents shared. New aataestertainment such as TV, videos and
DVD was stated by 26.6% of the respondents.

Rationale for granting of project:

Villagers (86.6%) believed that the main reasargi@anting of this project was due to the
geographical remoteness of the village and disténoce the main grid. Other reasons given were
as follows:

They think we are poor — 30%

Government wants to help us — 20%

Donor wants to help us — 23.3%

The Area Representative asked for it — 6.6%

Other — 3.3%

Impacts of the solar electrification project:

Clearly the villages were in agreement that thggést impact was the children’s
education (90%). Many also enjoyed the new soctdelits and believed that they actually

socialized more (63.3%).
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The use of a television, computer, more amendigs “other” reason, all accounted for
33.3%. In the “other” category respondents shahed other villagers asked them about their

system with the expectation that they too shoutdlge facility.

Reliability of system:

Majority of the respondents could have used thgstem all the time (66%), versus those
who experienced some problems at times (33%). Reagwen for not being able to use the
system were:

Bad weather — 20%

Inverter problems — 13 %

Worthy of note was that 23.3% stated that theitesyswas excellent, from the installation up to

the time of the study.

Reason for recommending project:

The main reasons for recommending this projecewer
Good for children’s education — 73.3%

The village is brighter and we feel safe — 76.6%
Access to new appliances — 16.6%

Other — 6.6%

Suggestions for Improvement:

Most commonly, respondents suggested that theveldthave been trained persons to
monitor the system (70%). More education accoufived62%) and more consultation (36%)
was also deemed critical. Only 6.6% thought thahibuld be done the same w&pecifically
identified was the need to have signed agreemeamdsbsg-laws as well as signs, posters and

another battery. However less than 7% saw the foeetis.

16



Other enerqy sources:

The only other source of energy that was appedbntpe respondents was hydro power
accounting for 43.3%. No one (0%) was interesteaniy of the following:- diesel generator, gas

generator, biogas, wind and butane.

Bigger Solar System:

Ninety six point six percent (96.6%) stated thaterest in a bigger solar system. Nobody (0%)
disagreed to this.

Recipient’s Satisfaction with the System:

Eighty three percent stated that they wergy happywith this project. A much smaller
percentage (10%) stated that it vga®d Only 1 respondent (3.3%) thought it was. Nobody
(0%) saw it as dad project.

Similarly 83.3% were very happy
with the project, versus 16.6% who
said that they were happy. Nobody
(0%) was unhappy with this project.
Overwhelmingly people were very
happy with their solar system.

But will this impact on
sustainability? Our modest
projection indicates that if one is
happy with something they will
keep it. Human beings are
creatures of habit. Therefore, even though somedsthat they were unwilling to pay to sustain
their systems, we believe that they possibly wolbidsed specifically on the premise that they
indicated a very high degree of satisfaction with $ystem, and the conveniences they enjoyed
(83.3%).

17



Sustainability Issues

Findings show that while nobody expressed anyl lefr@issatisfaction or unhappiness
with this project and while an overwhelming numif@6.6%) would like to have even bigger
solar systems, not many were in agreement to pafadt 40% of the responds would prefer to
pay nothing at all. This should raise some redsflayy those who take sustainability seriously,
but when part of this system fails (batteries, ) it is our view that in fact some will repéac

them since they will miss the convenience enjoyest the years.

From the inception there seems to have been saiitecg misinformation and some
promises were made that “if and when anything gbad, we will replace it for free”.
Additionally, and significantly, there was and igp(to the time of this study) no structure or
systems in place to ensure continuity of this mij€he authors submit that in three to four years

time the batteries will cease to function.

A system should be put in place immediately to Eftdr continuity of the solar system. This
system must be uniquely a la San Benito Poitelagélleaders must put their best feet forward

on this issue. This system will need to includsexsifee.

It is estimated that to make the system sustagnahlsers feess a must. This fee is
estimated around $22.00. However, note that 40%efesponds would prefer to pay nothing at
all while 43.3% were willing to pay only $5/monthca0% agreed to pay anything higher. Two

of the respondents were willing to pay $1/monthilevfl0%) agreed to a $2/month fee.

Villagers also shared that a credible committeeld/tnave to be in place to handle these
fees. There were obvious levels of apprehensionrmgpfrom the villagers regarding this issue.

18



GHG Emissions Analysis

Analysis of the Greenhouse Gas Emissions avoigl@di® project is based on the village
power use and the common methods of providing padwiee solar project had not been done.
One very common method for supplying power to aatenvillage is to set up a diesel generator
for the village and to wire to each home. Anotr@nmon method is to extend the electrical grid
as provided by the monopoly Belize Electricity Lied.

Electrical power is used by someone in the villagall hours of the day, but there are
clear peak patterns for an hour just before suramgkefor three hours just after sunset. As noted
earlier, the total electrical power use from thiaseystems in the village:

780 kWh/month using the energy saving CFL lights there provided

2,600 kWh/month if incandescent lights had beem wggich is more typical in Belize

For purposes of this report, all calculations Wwél based on the most common alternatives

if the project had not happened, thus we will exsngreenhouse gasses avoided based on a
village use of 2,600 kWh/month.

Alternative #1: A Diesel Generator for the Village

A 20kw diesel generator would be a typical sizpravide the necessary power for a
village of this size. During the 20 off-peak hoeech day, the generator would run at only 25%
of its power rating, and during the 4 peak houchaday, the generator would run at 50% of its
power rating. This relates to typical values of @alons of diesel per hour during off-peak hours,
and 0.9 gallons of diesel per hour during peak siour

Thus calculations can be made using the followialges:
5,694 Gallons of Diesel per year
139,000 BTU/gallon of diesel
1055.05585262 J/BTU
74100 kg CO2/TJ of diesel

A significant total of 61.9 metric tonnes of g@missions was avoided each year by this
project over a diesel generator for the village.

19



Alternative #2: Extending the power grid of the mormpoly Belize Electricity Limited

San Benito Poite is 15 miles from the nearesagél of Santa Teresa, which is 8+ miles
from the power grid of BEL. While it would not best effective to extend the power grid to San
Benito Poite, the Government of Belize and othganizations have a history of subsidizing the
extension of the electrical power grid to provigevice to remote villages. Therefore this report
examines the carbon emissions avoided from thesradtive. There are two sources of
greenhouse gases to consider — from the power gfemeof BEL, and from the deforestation
needed to run power lines for the 15 miles of Aghtvay from the nearest village.

For the power use, no national carbon emission&\Wh has been determined for Belize.
An average for the US power grid has been deteniraine is available under the eGRID system,
which is listed at 7.78 x IDmetric tons C@/ kWh. Given that Belize has a higher percentdge o
fossil fuels in its generation profile that the WSing this number will provide a conservative
answer with regards to GHG emissions.
24.27 metric tonnes of CO2 from grid-based poweiegation averted each year

With 15 miles of 30 foot wide right-of-way throughostly rainforest area (>80%
forested), the carbon loss due to this deforestatiould be:

996 metric tonnes of Carbon Equivalent averted fooa-time permanent deforestation

20



Socio-Economic Analysis
Some quick facts:

1. Fifty two percent (52%) of homes only use powetlifgiits, while 20% of the homes use
all of the power available to them. There was rdonadditional equipment at no direct
costs to the consumers. This was a distinct pgelfor the people of Poite. Average
home power use is 7.3 kWh / month.

2. Average home power use would be higher using ineseeht light bulbs, approximately
28.5 kWh / month. Beside social and economic b&nefie must bear in mind the
environmental impacts and “savings” which colleeltranslates into significant dollars.

3. If using a Diesel Generator for the entire villdggrovide same power as solar systems,
the cost would be $44.66 per month for each hoAg¢ahe time of this study no one paid
for this service.

4. The average home power bill in the country is iness of $60 per month per household.
In the case of Poite it is still “free” to the comser.

5. The Churches are important social places usedfatuml as well as shelters by the
people of Poite; this system connects both theddrad the churches. Additionally, we
have observed that there were some street lights.

The people of San Benito Poite were enjoying $@c@anomic benefits and believed that as a
result of the solar system they actually sociatmee.
Some of the social-economic benefits include:
1. Use of electrical amenities and equipment, whicls Wwasically non existent
before the solar electrification system.
2. The village can communicate via telephone to teeaethe district and country.
3. People were happy that they could socialize aftéek,dvisit relatives and friends,
watch television from neighboring Guatemala ordewi/ DVD.
4. Treat the sick in times of emergencies which ineladcidents and birthing among
others.
5. It is also important to note that coming from arsré where there were no form
of lighting and electricity to one where the enttmmunity benefited from it was

of critical importance.
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In light of the fact that the system was “free’albrecipients, there is significant social
and economic benefit.

Students studying at both primary and secondestytutions were able to study with
proper lights at night, making this an investmenthie future with significant costs savings.

This study showed that at least $22.00 would haktth be spent in orders to upkeep this system.
An average home in the rest of the country woultehta pay an average cost in excess of 60.00
per month. This is as much or more than many@wthagers make through slash and burn
agriculture.

Analysis of Costs involved making project sustalaab

Cost Average life Cost per mongh
per
house/system

[Batteries $600 6 years $8.33
ICharge controller | $485 10 years $4.04
Inverter $225 6 years $3.13
IPanel $1200 25 years $4.00
Fee for village $2.50
board

Total $22.00
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Strengths, Weaknesses, Opportunities, Challengd¥(¥.) Analysis

STRENGTHS WEAKNESSES OPPRTUNITIES CHALLENGES
Participants are veryPrior  sensitization The system can takeSustainability issues.
happy with  the was insufficient. on a greater load

system (+80%).

since only 20 % wa
being utilized fully.

A

General knowledgs

243.3% were willing

Willingness and ability tg

<<

San Benito hasabout the functionsto pay $5/month. pay. A significant amoun
telephone of the system was (40%) would prefer to pa
connectivity. limited. nothing at all.

Villagers used aPolitical promises Basic training on Politicians often maké
wide variety of| have prover) do's and don’ts of outlandish promises whic
appliances that wereextremely the system is still can lead to poor plannin

inaccessible before.

disadvantageous .

relevant.

and responsibility.

Q =

Villagers, (63%)

socialized and enjo

ystructure in place 3

No political

Villagers can lobby
twith their affiliates,

be

proactive in restructurin

Leaders to mor|

modern the community leve] GOB, NGO among the system for the good of
conveniences suchto deal with thig others to assist withthe entire community.
as lights, videos, particular system. | continuity.
DVD, TV etc.
Only 6.6%| Some cables werelLeaders are Repositioning  of  the
mentioned the roleexposed. concerned andpanels and clearing some
played by the Italian would like to see thetrees to get maximum sun
donor. system continue inrays.

the village.
Most respondentsThe angle of the A word of gratitude There were some villagers
felt safer with the panels was natis in order to the (7%) who saw the need to
systems especiallyoptimum. donor. for signed agreements and
the lights. by-laws, as well as signs,

posters, etc.
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Parents were ver
happy that thei
children could study

well at nights.

yAn  overwhelming
ramount did not se
the need to have
signed by-laws that
would ensure better

accountability anc

(96.6%) would like

eto have even bigge

solar system

There

rplace to ensure continuit

IS no system i

and sustainability

y

continuity of the

system.
The system was Money and expertise to
described as very acquire  resources S
reliable. limited within community.
The system costs The system costs
“nothing” to the “nothing” to the villagers.
villagers.

There were at leas
3 persons ver
knowledgeable o

the entire systen

5t

and willing to assist
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Lessons Learned

1. The residents of San Benito Poite were very hapfly tiveir Solar Electric System,
primarily because of the lighting and the childseatucation (90%).
2. Not having a thorough appreciation of the commusitlynamics, governance and

culture was identified as a challenge to the suskality of this project. Most
enjoyed the fact that the project was “free”. Olalf the persons interviewed didn’t
know that the system was donated or who donated it.

3. Individuals should not offer promises as this cdeld to specific mind sets that are
counterproductive. Villagers were told that theteyns would be replaced when they
go bad. This was not a true statement at the fline.effect now is the reluctance to
pay for upkeep of the system.

4. Eleven of the homes and the community center heettiers fail, most of them likely
due to lightning. Turning off the 3rd and 4th citdureakers when the inverter is off
(especially during bad weather) will help extend life of the inverters. Training on
this should be included as part of all similar pob§.

5. A few of the solar panels in the village were iadé or partial shade for part of the
day due to nearby trees or buildings. Trees shioelldut down to eliminate shade.
When a building is shading the panel, the paneliishile moved (raised or moved
entirely)

6. When there is no written documentation, informagets thwarted and will result in
misunderstandings. It is important to avoid situa that lead to confusion or lack of
commitment. Transparency and clarity is paramount.

Other Technical Observations

There were some cables that could

have been better situated, see photograph.

The height from ground to the panels was
considered a bit too low and it is
recommended that the panels be mounted

higher.

There were some issues with the orientation optieel. These should be raised to 0-15 degrees

from horizontal towards the south-southwest toroe the sunlight in this part of the world.
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Opportunities

Since this was a pilot project there were sevapabrtunities that exist, including:

1. Establish a sustainability and continuity planéarsting and new solar systems
This is important for policy makers as well as ldeaders.

2. There is room for additional equipment to the sysés is since it is has not
reached its utmost capacity.

3. There was overall increased interest in solar syst@mong rural and remote

communities of Toledo. More systems will bendifi tommunities and the
environment.
4. Generate a policy and training manual to increapacity and sustainability.
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Light Bulb Replacement Project across Belize

Overview of Project

The Replacement of Incandescent Bulbs
with Compact Fluorescent Bulbs was a joint
project of the governments of Cuba and
Belize. According to the records of the
Cuban government, a total of 169,810 bulbs
were purchased by the Government of Cuba
for this project, and 168,912 of these were
successfully exchanged at 69,810 locations
across the country of Belize.

Current State of Project

Many households across Belize that
continue to use and benefit from the free
compact fluorescent bulbs they were given
as replacements for their incandescent bulbs.

Based on our survey results, 45% of

recipients have had one of their CFLs

replaced Accepting that 69,810 homes
exchanged bulbs, this would indicate 31,414

bulb failures across the country. This leaves
137,498 operating CFLs from this project (81.4%).
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Methodology

The strategies used to implement this part of théyswere as follows:
Developing Survey Questionnaires
Visits
Interviews with recipients of the fluorescents sulb
Data Collection and Analysis using Access softveguglication

Development of Survey Questionnaires:

The authors drafted a questionnaire instrumenthi®ichanging of the incandescent bulbs.
Visits:

After fine tuning the questionnaire the authoevélled to villages, cities, and towns
across Belize. This was a bit challenging sineeehwas no data base with addresses to visit
directly. As a result we had to go pretty muchwag the Cubans and the BDF did...at random
and asking any one we met if they had receiveCthle

Interviews with recipients of the fluorescents bulls:

Most persons were cooperative and often direcsafithey knew someone who had
received the new bulbs. We were able to complévéah of 92 questionnaires which is barely
reflective of the number of persons we met and spwkh. While more data collection would be
preferred, this was the best that could be accaimgdi within the limits of this consultancy. We
found a consistent trend regardless of where tlstgqpnnaires came from.

The areas are as follows:

Toledo | Stann Cayo Belize Orange Corozal
Creek Walk

San Hopkins Ontario Lords Bank | Carmelita Corazol

Antonio Town

San Independence Santa Elena | Belize City

Benito

Poite

Big Falls Georgeville

Crique Belmopan

Jute

Punta

Gorda
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Data Collection, entry and analysis was carriedusing database software application.
One UB student was taught to use the system. Ui carried out the final analysis of the
information which is included in this document.
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Survey Results

Improper handling of the CFL:

Results show that since this project began in 20W6a total of 55% have had no
problems with their new bulbs.

CFLs Replaced To Date

45% oyes

55% B no

Reason for Replacing CFL

5% 5%

O Blown fuse
m broke handling
O burnt out

O salt air

However, there were some breakages. This wasaooshonly
due to bad handling. Many of the recipients wexeen taught
how to hold the bulbs.

As a result they held them by the glass part instédhe metal
part. The result of course was that they all goken. It is
important to bear this in mind when doing anothdbb
replacement project.
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Overall Satisfaction:

A total of 83% of persons interviewed indicatedittsatisfaction with the CFL based
upon its economics and brightness.

Reasons why CFL's are liked

4%10/1’%0/0
10%

O brightness

40% B economic
O less heat
O durable
H elegance
O spacious

M easy to use

43%

Pay less for the same services:

A total of 65 % agreed that they were paying sligkess for their electricity. The
authors note however that a significant amountghothat it was not so easy to indicate with
any certainty how much less they were paying, saleetric rates in general seemed to have been

going up.

Are you paying less for light?

O Less

B Not Less

65%
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Amount of Light Use:

While the average house had at least one liglivio6.2 hours per day, the average time
per bulb to be on was found to be 4.5 hours per tlag reason for this is that oftentimes one
light in the house is burned for a longer periodime than others.

A few challenges with the new bulbs:

The problems were as follows:

Blown fuses 5%
Damage when poorly handled 60%
Burnt out 30%
Salt air 5%

This demonstrates that the major problem withniae bulbs was poor handling. Blown
fuse and salt air accounted for a very low pergmt the problems.

Reason for Replacing CFL

5% 5%

O Blown fuse
m broke handling
O burnt out

O salt air
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Expectations for future bulb purchase:

Without any hesitation the authors believe thatititerviewees will buy new CFLs. A
total of 88% stated that they will buy new bulbattivere fluorescents. As was similarly
expected there will be a fetdie hards”; since 7% stated that they will stick to their old
incandescent bulbs. As a matter of policy the asthave recommended that these bulbs be
eventually outlawed in the country of Belize. Tlood news is, that this study indicates that the
vast majority were prepared to make the changesdblres based on the economic bottom line.

Future types of bulbs expected to purchase

5% 7%

26%

O incandescent
m CFL

O new

O no answer

Suggested Changes for continuity of Project or edtdishment of new ones:

Interviewees shared their great dissatisfactidh e distribution of the bulbs. Some got
and others didn’t. As well there were some whorgote and others who got less. In a small
community such as Belize this could be a major@®of discontent and resentment. Many were
unreserved with their perception that a lot of fpod” was played with this project. They
recommended the need for much more transparem@msystdistribution, others were of the view
that some more visitations after the replacememitdchave been done. Similarly important in
the views of the respondents were that proper dtatgun could have been done. Others were
concerned with having trained person and some lealsication to the recipients.

Suggested Changes to Project Implementation

10%
20%
6%
@ Changes -- more consultation
m Changes -- More education
O Changes -- Trained set of people
24%
4 2

12%

O Changes -- regular visits
B Changes -- None
8% @ Changes -- Other (Distribution)
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Will Respondents recommend this project?

The overwhelming answer was a positive yes. Crake®f 0 (recommend against CFL) to 10
(strongly recommend in favour of CFL), the recipggeaf the lights gave an average (mean)
recommendation of 8.02, with 2 people giving a receendation of 0 and 18 people giving a
recommendation of 10 (mode). The median recommandgiven was 9.
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GHG Emissions Analysis

Assumptions:

The Cuban reports of 168,912 bulbs installed wasrate

Our survey results of 0.126% of the homes involvaal be fairly extrapolated

Compact Fluorescent bulbs use 25% of the powereniricandescent they replaced

The average incandescent bulb in Belize is 66.2Muébs commonly come in 75W and
60W, as well as 25W, 50W, and 100W

The average light bulb is on for 4.5 hours

The eGRID value of 0.00078 metric tonnes of CO2/k#/a conservative figure to use in
Belize

Results:

13,775 MWh of electricity could have been saveduatig
11,213 MWh of electricity are being saved afterboleakage

8,724 metric tonnes of CO2 are being saved annually
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Socio-Economic Analysis

Over 83 % of the respondents stated that likedCthles because they were more economical and
brighter .

This study shows that 62% would not hesitate torewy CFLs when the ones they have need
replacement. This was good news for policy makasenvironmental/economic leaders.

Results showed that 63% of the respondents indicheg they were paying less (electric bills)
because of the CFL.

This project had significant economic benefits thadl no social benefits other than the economic
ones.

While an average of 2.42 bulbs were initially paed to each household, there was significant
breakage most commonly due to the recipients ndénstanding proper handling procedures,
resulting in an average of 1.97 bulbs providedatthehousehold.

Given that the average incandescent light bulbgomplaced used 66.2 watts and that compact
fluorescent technology uses 75% less power thaniescent, at a cost of BZ$0.35/kwh the
average home was saving $56.22 each year in eiecttosts. The average person in the survey
was paying $61.95 monthly so this represents a B8d%6gs in electricity costs to the typical
recipient.

Unfortunately, the cost of electricity had contidue increase, so that the average recipient did
not see the extra cash in their pockets.

During potential peak hours just before and jusdradark, this project may have reduced peak
demand on BEL by 6.8 MW. It also saves BEL fromdieg to purchase more than 11,200
MWh annually. Given that BEL already purchases esp& diesel based power from Mexico to
meet the demand in Belize, this project helps Bighifcantly in trying to keep electricity costs
lower and increasing national security.
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Strengths, Weaknesses, Opportunities, Challenges (S

WOC) Analysis

STRENGTHS

WEAKNESSES

OPPORTUNITIES

D

CHALLENGES

CFLs Saves energy.

The distribution w
unsatisfactory to
both recipients and
non recipients who
were left with some

alt was a pilot project
and any further

intervention could profi
from the errors and
weaknesses of this

Policies of GOB to
reduce and
eventually ban
incandescent bulbs

U)

expectations project
People were paying No effective, Develop a Financing of public
less electricity bills | systematic or comprehensive plan of| awareness and
and. An estimated | transparent monitoring and campaigns to reach

$3.9 million BZE
dollars were saved
over the last year

methodology was
developed to
introduce, deliver or
monitor this project

continuity/expansion of
this project

people who are
involved or may
become involved in
energy saving bulbs
(or systems)

Overall, people
were willing to
change the bulbs
themselves

Unfortunately a
small number
confirmed that they
will stick to their
incandescent bulbs

General public
education that could
lead to replacement of
incandescent to energy

efficient bulbs

Find a palatable way
of dealing with those
who will reject
change
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Lessons Learned

Through this study the authors learnt several lesso

1. Recipients needed information before adapting joreaw system.

2. It was important to deliver practical training teetrecipients. Over 12% of the
bulbs were broken due to improper handling. Thigld have easily been avoided.

3. Communities perception of fairness and equalitynjgortant in the distribution
process.

4. Majority of the persons interviewed were willingliay the CFLs on their own
because they saw the benefits (economic and otbeywf it for themselves.
Seeing and feeling is believing.

Opportunities

There are some opportunities the authors wouddtbkemphasize:
1. Generate public awareness to share the benef@&lo$ versus incandescent bulbs.
2. GOB can set a policy or outlaw incandescent bulbs.
3. Incentives to entities individuals or firms invot/evith promoting or establishing of
energy efficient systems.

38



Recommendations

The possibility of assisting the village of San BerdPoite with formalizing ownership
and focussing on sustainability issues for thersakectric power project should be explored. If
the village can work out the ownership issuesningl should be made available to a “village
electricity board” so that sustainability can beldsed.

Additional funding to assist with the years thavé passed without this being addressed
would be appropriate. In recent months, other g@kain Toledo have also received solar electric
power systems, and these should also be helpedhvetlessons learned in San Benito Poite.

There are several more villages that do not ctigréave access to electric power. Once a
system for ensuring the sustainability of the systénas been identified and tested, solar electric
power should be made available in these villageseds

GOB, local government, and funding agencies shmapdement a series of policies,
incentives, and perhaps laws to promote the userapact fluorescent lights and discourage the
use of incandescent lights. These might includé bages on incandescent lights coupled with
tax exemption for CFLs, banning the importationnafandescent lights into Belize, requiring that
educational materials be included with BEL bills pther similar measures.

Clearly written documentation must be provided sigthed when implementing projects
in the communities to avoid ambiguities.

There is a need to carry out educational prograsroneglobal climate change in Belize.
Getting national and local governments to worletbgr on projects and programmes

such as this would increase efficient implementaind produce a higher success rate
(sustainability).
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Conclusions

Both of the projects provided important socio-emoit and poverty alleviation benefits,
and were valuable tools that the Government ofZ8alised to assist with sustainable economic
development.

These projects contributed to the mitigation @&egrhouse gas emissions in Belize which
is an extremely valuable side effect of both okthprojects.

Due to the fact that these projects were complietegocial, economic, and poverty
alleviation purposes, the recipients identifiedsthboth as the reasons for the projects and as the
advantages of the solar systems and/or compact#uent lights provided to them.

None of the recipients indicated that global clienehange mitigation was an advantage,
although this study clearly indicates such. Thisrggpa door for education about global climate
change issues in Belize.

While greenhouse gas abatement was not a goéhef @roject, the significance of these
measures with respect to emissions from this deugdocountry should be recognized and
appreciated at the local, national, and internafitevels.
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Acronyms Used

AC
CCcCcCC
Q)

BZE
DC
GOB
UNFCCC
UNCED
TDC
CFL
TSAP
ESTAP
kWh
MWh
IPCC
CARD
PUC

Alternating current

Caribbean Community Centre for Climate Cleang

Quetzal (Guatemalan Currency)

Belize

Direct current

Government of Belize

United Nations Framework Convention on @lienChange

United Nations Conference on Environment Begelopment
Toledo Developmermtr@oration

Compact Fluorescent Light

Toledo Strategy and Action Plan

Environmental, Social and Technical AssistaAmject

Kilowatt hour

Megawatt hour

International Panel on Climate Change

Community Initiated Agricultural and Rurakielopment

Public Utilities Commission
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